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ALGORITHMIC METHOD FOR DETECTION
OF DOCUMENTS IN IMAGES

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Patent Application No. 62/396,044, titled “ALGORITHMIC

METHOD FOR DETECTION OF DOCUMENTS 1
IMAGES” and filed on Sep. 16, 2016, the content of which

1s hereby fully imcorporated by reference herein.

BACKGROUND

Electronic mobile devices such as smartphones, for
example, are increasingly used by people to eflectively
digitize paper documents by capturing a photo 1mage of each
such document using a camera that 1s typically coupled with
and/or integrated with the electronic mobile device 1tself.
For example, 11 a user goes out to eat at a restaurant for a
meal, he or she may preter to keep a digitization of the check
and/or receipt rather than having to deal with original paper
copies.

Due to the nature of traditional 1image capture processes,
however, the use of an oniginal picture 1s not ideal. For
example, such captured images frequently include parts of
the background, which unnecessarily increases the corre-
sponding file si1ze and also causes undesirable problems with
subsequent 1mage processing operations such as perspective
transform and optical character recognition (OCR). More-
over, attempting to capture an 1mage ol a document without
the background by adjusting the camera position and zoom
1s a tedious and ineflicient process.

Accordingly, there remains a need for improved tech-
niques for detecting a document’s boundaries in a captured
image thereof and potentially removing non-document
regions therein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example of a computer-controlled
method 1 accordance with certain embodiments of the
disclosed technology.

FIG. 2 1llustrates an example of an input image of a paper
document.

FIG. 3 illustrates an example of an 1mage resulting from
down-sampling the image of FIG. 2.

FIG. 4 illustrates an example of an 1mage resulting from
median-filtering the 1mage of FIG. 3.

FIG. 5 illustrates an example of a result of Canny edge
detection being applied to the image of FIG. 4.

FIG. 6 1llustrates an example of a result of a Hough
transform being applied to the result of FIG. 5.

FIG. 7A 1llustrates an example of how theta and rho may
be defined for use 1 determiming line segment similarity in
accordance with certain embodiments of the disclosed tech-
nology.

FIG. 7B illustrates an example 1n which two line segments
may be considered to be similar 1f their theta and rho values
are within a specified threshold.

FIG. 8 1llustrates an example in which similarity of line
segments 1s based on their points of intersection with the
borders of a document 1image in accordance with certain
embodiments of the disclosed technology.

FI1G. 9 1llustrates an example of a result from line segment
clustering 1n which a line segment has been created for each

group.
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2

FIG. 10A illustrates an example 1n which a line segment
intersects with the borders of an 1image at the top and bottom
sides.

FIG. 10B illustrates an example 1n which a line segment
intersects with the borders of an 1image at the left and right
sides.

FIG. 11 A 1illustrates an example 1n which a line segment
divides an 1mage into a triangle and a pentagon.

FIG. 11B illustrates an example 1n which an intersection
point 1s moved to the nearest corner of the image illustrated
by FIG. 11A.

FIG. 12A 1llustrates an example imn which two line seg-
ments within an 1mage do not intersect.

FIG. 12B 1illustrates an example in which two line seg-
ments within an 1mage intersect.

FIG. 13 1llustrates an example in which a quadrilateral
may be determined from three line segments within an
image 1n accordance with certain embodiments of the dis-
closed technology.

FIG. 14 illustrates an example in which a quadrilateral
may be determined from four line segments within an 1image
in accordance with certain embodiments of the disclosed
technology.

FIG. 15 illustrates an example of a resulting quadrilateral
in accordance with certain embodiments of the disclosed
technology.

(Ll

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

Implementations of the disclosed technology advanta-
geously provide a user with the ability to quickly take a
picture of a document and then automatically “find” the
document within the 1mage, e¢.g., by detecting the docu-
ment’s boundaries. Such techniques greatly improve image
capture process eiliciency as well as user adoption.

Implementations of the disclosed technology are gener-
ally directed to methods for determining the location of a
single-page document within a captured image, e.g., by
determining the location of the comers of the document. The
image may have been captured by a camera, e.g., of a mobile
clectronic device, at an angle that 1s not necessarily perpen-
dicular to the document, for example.

Certain prior techniques include the use of a Hough
transform, which 1s a standard method used in document
image processing to detect linear structures like document
borders, for example. The immediate result of a standard
Hough transform, however, 1s a set of line segments that
often includes many undesirable elements. Also, while the
border of a document within an 1mage may be represented
as a quadrilateral, the process of constructing a quadrilateral
from a set of line segments obtained from a Hough transtform
1s not straightforward.

Existing products fail to accurately detect the borders of
a document within an 1image for any of a number of reasons,
such as the following: a background color 1s too close to the
color of the document paper; the existence of shadows over
the document; a partial occlusion of the document (e.g., due
to a finger of the user being inadvertently held 1n front of the
lens during the image capture); the document not being
entirely within the 1mage; the existence of certain types of
text and graphics 1in the document; the existence of certain
types of geometrical shapes in the background; and the
existence of flaws such as tears, wrinkles, creases, stains, or
a combination thereof on the document itself. Further,
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certain prior applications disadvantageously have restric-
tions on the size, location, and orientation of the document
within the 1mage.

FIG. 1 illustrates an example of a computer-controlled
method 100 in accordance with certain embodiments of the
disclosed technology. At 102, an mnput image of a physical
document, e.g., the original captured 1image, 1s received, e.g.,
by a processor. Such document image capture may be
performed by a mobile electronic device, such as a smart-
phone, that 1s operated by a user of the device. The input
image 1s typically an 8-bit grayscale image having pixel
values 1n the [0-255] range. FIG. 2 illustrates an example of
an input image 200 of a paper document. In the example, the
document 1s a receipt for the purchase of a meal at a
restaurant and the resolution of the image 1s 24483264
pixels.

At 104, down-sampling 1s performed on the image, ¢.g.,
by the processor. Such down-sampling may advantageously
decrease computation time, €.g., by decreasing the number
of pixels to process, and also remove any fine details that
may adversely aflect subsequent document edge detection
because such down-sampling generally has a blurring effect.
FIG. 3 illustrates an example of an image 300 resulting from
down-sampling the image of FIG. 2. In the example, the
image 300 results from a 0.125 down-sampling ratio applied
to the 1image 200 of FIG. 2. The size of the down-sampled
image 300 in the example 1s 306x408 pixels.

At 106, median filtering 1s applied to the image, e.g., by
the processor. Such median filtering may advantageously
remove any or all fine details within the image that may
adversely aflect document edge detection. Text and other
graphical objects, especially line segments, 1nside the docu-
ment are generally targeted, along with linear structures in
the background. Depending on the selection of kernel width,
details up to a certain size may be elflectively removed
without aflecting the edges of the document. FIG. 4 illus-
trates an example of an 1mage 400 resulting from median-
filtering the 1image of FIG. 3. In the example, the kernel size
1s 27x277 pixels.

At 108, Canny edge detection 1s applied to the image, e.g.,
by the processor. The document border may be detected
using a Canny edge detector, and the values of certain
parameters of the edge detector (e.g., upper/lover thresholds,
aperture size) may be selected to increase and potentially
maximize detection of the document’s border while mini-
mizing and potentially eliminating false positives. FIG. 5
illustrates an example of a result 500 of Canny edge detec-
tion being applied to the image of FIG. 4. In the example, the
lower threshold 1s 50, the upper threshold 1s 150, and the
aperture size 1s 3 pixels.

At 110, a Hough transform i1s performed on the image,
e.g., by the processor. A Hough transform 1s a standard
method to detect linear structures, such as the sides of a
document, for example, in an 1mage. The output of edge
detection, which 1s a binary 1image, may be used as input. As
a result, a set of line segments may be generated. The
standard Hough transform may output distinct line segments
that are similar with respect to a similanty metric. FIG. 6
illustrates an example of a result 600 of a Hough transform
being applied to the result of FIG. 5. In the example, there
are Tfour groups of line segments, one for each side of the
document.

Certain implementations of the disclosed technology may
include grouping similar line segments and then computing
a representative for each group. Each line segment may be
represented 1n polar coordinates. For example, rho (p) may
be used to represent the distance from the origin to the line
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4

segment, and theta (0) may be used to represent the angle
between the positive x-axis and the line that 1s both perpen-
dicular to the line segment and also passing through the
or1gin.

Two or more similarity metrics may be used, and two line
segments may be considered similar 1f they are similar with
respect to any of the similarity metrics. The first similarity
metric may be based on theta and rho such that two line
segments may be considered similar 11 their theta and rho
values are both within a specified threshold, for example.
FIG. 7A illustrates an example 702 of how theta and rho may
be defined for use 1in determining line segment similarity.
FIG. 7B illustrates an example 704 in which two line
segments may be considered to be similar 1f their theta and
rho values are within a specified threshold.

The second metric may be based on the location of the
intersection points the line segments have with the sides of
the document 1image. Each line segment intersects with the
sides at two points, and corresponding 1ntersection points of
the line segments are the ones that are closer to each other.
If the corresponding intersection points are within a speci-
fied threshold, the line segments may be considered to be
similar. In certain implementations, this threshold may be
determined using the following:
threshold=threshold_factor*minimum(image_width,
image height), where the threshold_factor may have arange
of 0.02-0.2. There may be a default threshold of 0.05, for
example.

FIG. 8 illustrates an example 800 in which similarity of
line segments 1s based on their points of intersection with the
border of a document 1mage. In the example 800, the line
segments may be considered to be similar 1f the distances (a
and b) between the corresponding intersection points ((A,
A" and (B, B')) are within the threshold.

Line segment groups may be populated by starting with a
single line segment 1n a single group and comparing each
subsequent line segment with all of the line segments 1n the
existing groups for similarity. If a similar segment 1s found,
it may be added to the same group. If no similar segment 1s
found, 1t may be added to a new group. Once the groups are
determined, an “average” line segment for each group may
be computed such that the corresponding theta and rho
values are the averages of the theta and rho values of the line
segments within the group. FI1G. 9 1llustrates an example 900
of a result from line segment clustering in which a line
segment has been created for each group.

At 112 of the method 100 illustrated by FIG. 1, a
quadrilateral computation 1s performed on the image. Based
on the line segments 1dentified at 110, the computation may
include deeming the locations of four points as corners of a
quadrilateral corresponding to the document within the
image. This computation may be based on the number of line
segments mvolved.

In situations where there are no line segments, e.g., when
the document covers the entire 1mage, the entire image may
be taken as the quadrilateral.

In situations where there 1s a single line segment, e.g.,
when only one side of the document 1s within the 1mage, the
line segment may intersect with any two of the sides/corners
of the image, eflectively dividing the image into two parts.

If a single line segment intersects with the top and bottom
sides of the 1mage, the line segment divides the 1image nto
two quadrilaterals and the quadrilateral having a larger area
(e.g., left or nght quadnlateral) may be taken as the quad-
rilateral. F1G. 10A 1llustrates an example 1002 in which a
line segment intersects with the borders of an 1image at the
top and bottom sides. In the example, the quadrilateral




US 10,275,388 B2

S

having a larger area, as indicated by gray shading (1.e., the
left quadrilateral), may be taken as the quadrilateral.

If a single line segment intersects with the left and right
sides of the image, the line segment divides the image into
two quadrilaterals and the quadrilateral having a larger area
(c.g., top or bottom quadrilateral) may be taken as the
quadrilateral. FIG. 10B illustrates an example 1004 1n which
a line segment intersects with the borders of an 1image at the
left and right sides. In the example, the quadrilateral having
a larger area, as indicated by gray shading (1.e., the bottom
quadrilateral), may be taken as the quadrilateral.

In situations where four points cannot be computed, the
whole 1mage may be taken as the quadnlateral.

If a single line segment intersects with a side and a corner,
the line segment divides the image into a triangle and a
quadrilateral. In such situations, the quadrilateral may be
taken as the quadrilateral.

If a single line segment intersects with two diagonal
corners, the line segment divides the image into two tri-
angles. In such situations, the line segment may be 1gnored
and the entire 1mage may be taken as the quadrlateral.

In other situations, a single line segment may divide the
image 1nto a triangle and a pentagon. If, for at least one of
the intersection points, the distance between the point and
the nearest corner 1s below a certain threshold, the intersec-
tion point may be moved to that corner and the resulting
quadrilateral may be taken as the quadrnlateral. In certain
implementations, this threshold may be determined using
the following: threshold=threshold_factor*(length of the
side the point 1s on), where the threshold_factor may have a
range of 0.05-0.5. There may be a default threshold o1 0.25,
for example.

FIG. 11A 1llustrates an example 1102 in which a line
segment divides an 1mage into a triangle and a pentagon.
FIG. 11B illustrates an example 1104 in which an intersec-
tion point 15 moved to the nearest corner of the image
illustrated by FIG. 11A. In the example, the resulting quad-
rilateral, as indicated by the gray shading, may be taken as
the quadrilateral.

In certain situations, there are two line segments, e.g.,
when two opposing or adjacent sides of the document are
within the 1mage. In such situations, the two intersection
points with sides of the image may be computed for each
line segment.

If the line segments do not intersect, the total of four
intersection points between the line segments and the sides
of the image form the quadrilateral. FIG. 12A 1llustrates an
example 1202 1n which two line segments within an 1image
do not intersect. In the example, a quadrilateral formed by
the intersection points between the line segments and the
image border (a, a', b, b') 1s taken as the quadrilateral.

In situations where two line segments do intersect, the
image may be divided into a set of shapes, each of which
may be a triangle, a quadrilateral, or a pentagon, based on
the location and onentation of the line segments. In such
situations, the largest quadrilateral, if any, may be selected.
FIG. 12B illustrates an example 1204 in which two line
segments within an 1mage intersect. In the example, the
largest quadrilateral, as indicated by the gray shading, is
taken as the quadrilateral.

In certain situations, there are three line segments within
an 1mage, e.g., when three sides of the document are within
the i1mage. Such situations may be common when the
document 1s a long receipt, for example. FIG. 13 illustrates
an example 1300 1n which a quadrilateral may be deter-
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6

mined from three line segments within an 1mage 1n accor-
dance with certain implementations of the disclosed tech-
nology.

If one of the line segments (i.e., segment C) intersects the
other two line segments (1.e., A and B) at two diflerent points
(1.e., m and n), those two points are two of the corners of the
quadrilateral. The two remaining corners may be computed
by finding the two 1ntersection points for segments A and B
cach with the image border ((a, a') and (b, b'), respectively)
and selecting the one that 1s farther from the point of
intersection with segment C. In the example, a' 1s selected
because 1t 1s farther away from point m than point a, and b’
1s selected because 1t 1s farther away from point n than point
b.

In certain situations, there are four line segments within
an 1mage, €.g., when four sides of the document are within
the 1mage. FIG. 14 1llustrates an example 1400 1n which a
quadrilateral may be determined from four line segments
within an 1mage in accordance with certain embodiments of
the disclosed technology. In such situations, each line seg-
ment may intersect with two of the other line segments, thus
resulting 1n four distinct intersection points that form the
corners of the quadrilateral.

At 114, a quadnlateral representing the borders of the
document 1s provided as an output. FIG. 15 illustrates an
example 1500 of a resulting quadrilateral 1n accordance with
certain embodiments of the disclosed technology.

The following discussion 1s intended to provide a brief,
general description of a suitable machine in which embodi-
ments of the disclosed technology can be implemented. As
used herein, the term “machine” 1s intended to broadly
encompass a single machine or a system of communica-
tively coupled machines or devices operating together.
Exemplary machines may include computing devices such
as personal computers, workstations, servers, portable com-
puters, handheld devices, tablet devices, and the like.

Typically, a machine includes a system bus to which
processors, memory such as random access memory (RAM),
read-only memory (ROM), and other state-preserving
medium, storage devices, a video interface, and input/output
interface ports can be attached. The machine may also
include embedded controllers such as programmable or
non-programmable logic devices or arrays, Application Spe-
cific Integrated Circuits (ASICs), embedded computers,
smart cards, and the like. The machine may be controlled, at
least 1n part, by mput from conventional 1nput devices such
as keyboards and mice, as well as by directives received
from another machine, interaction with a virtual reality (VR)
environment, biometric feedback, or other pertinent imput.

The machine may utilize one or more connections to one
or more remote machines, such as through a network inter-
face, modem, or other communicative coupling. Machines
can be imterconnected by way of a physical and/or logical
network, such as an intranet, the Internet, local area net-
works, wide area networks, etc. One having ordinary skill in
the art will appreciate that network communication may
utilize various wired and/or wireless short range or long
range carriers and protocols, including radio frequency (RF),
satellite, microwave, Institute of Electrical and Electronics
Engineers (IEEE) 545.11, Bluetooth, optical, infrared, cable,
laser, etc.

Embodiments of the disclosed technology may be
described by reference to or in conjunction with associated
data including functions, procedures, data structures, appli-
cation programs, instructions, etc. that, when accessed by a
machine, may result 1n the machine performing tasks or
defining abstract data types or low-level hardware contexts.
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Associated data may be stored i, for example, volatile
and/or non-volatile memory, such as RAM and ROM, or 1n
other storage devices and their associated storage media,
which can include hard-drives, tloppy-disks, optical storage,
tapes, flash memory, memory sticks, digital video disks,
biological storage, and other non-transitory, physical storage
media.

Associated data may be delivered over transmission envi-
ronments, including the physical and/or logical network, in
the form of packets, serial data, parallel data, etc., and may
be used 1n a compressed or encrypted format. Associated
data may be used 1n a distributed environment, and stored
locally and/or remotely for machine access.

Having described and illustrated the principles of the
invention with reference to illustrated embodiments, 1t will
be recognized that the illustrated embodiments may be
modified 1n arrangement and detail without departing from
such principles, and may be combined 1n any desired man-
ner. And although the foregoing discussion has focused on
particular embodiments, other configurations are contem-
plated. In particular, even though expressions such as
“according to an embodiment of the invention” or the like
are used herein, these phrases are meant to generally refer-
ence embodiment possibilities, and are not intended to limat
the mvention to particular embodiment configurations. As
used herein, these terms may reference the same or different
embodiments that are combinable into other embodiments.

Consequently, in view of the wide variety of permutations
to the embodiments described herein, this detailed descrip-
tion and accompanying material 1s intended to be 1llustrative
only, and should not be taken as limiting the scope of the
invention. What 1s claimed as the invention, therefore, 1s all
such modifications as may come within the scope and spirit
of the following claims and equivalents thereto.

What 1s claimed 1s:

1. A computer-implemented method, comprising:

receiving an mmput image of a physical document;

performing down-sampling on the mput image;
applying median filtering to the input 1mage;

applying Canny edge detection to the mput image;

performing a Hough transform on the mput image;

responsive to at least one linear structure existing within
the 1nput 1mage, generating a set of line segments and
grouping the set of line segments 1nto at least one group
based on a similarity metric that 1s based on a location
of each of at least one intersection point the line
segments have with a side of the input image;

computing a representative line segment for each of the at
least one group;

based on the representative line segment computed for

cach of the at least one group, computing a quadrilat-
eral having sides that represent borders of the physical
document; and

providing the computed quadrilateral as an output.

2. The computer-implemented method of claim 1, further
comprising a camera capturing the input image.

3. The computer-implemented method of claim 1,
wherein the down-sampling removes fine details from the
input 1image that may adversely impact edge detection.

4. The computer-implemented method of claim 1,
wherein the median filtering 1ncludes removing fine details
from the mput 1mage based on a selected kernel width.

5. The computer-implemented method of claim 1, further
comprising selecting at least one parameter value for the
Canny edge detection.

6. The computer-implemented method of claim 1,
wherein a result of the Hough transform 1s no line segments,
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and further wherein computing the quadrilateral includes
selecting the entire mput 1image.

7. The computer-implemented method of claim 1,
wherein a result of the Hough transform 1s a single line
segment within the mput 1image that intersects two sides of
the mmput 1mage to establish two quadrilaterals within the
input 1mage, and further wherein computing the quadrilat-
eral includes determining which of the two quadrilaterals
has a larger area and selecting the quadrilateral that has a
larger area.

8. The computer-implemented method of claim 1,
wherein a result of the Hough transform 1s a single line
segment within the mput image that intersects two diagonal
corners of the mput 1image to establish two triangles within
the mput 1mage, and further wherein computing the quad-
rilateral includes selecting the entire input 1image.

9. The computer-implemented method of claim 1,
wherein a result of the Hough transform 1s a single line
segment within the input image that intersects two adjacent
sides of the mput image to establish a triangle and a
pentagon within the mput image, and further wherein com-
puting the quadrilateral includes moving an intersecting
point to a corner to replace the pentagon with a quadrilateral
and selecting the quadrilateral.

10. The computer-implemented method of claim 1,
wherein a result of the Hough transform 1s two line segments
within the mput image that do not intersect, and further
wherein computing the quadrilateral includes selecting a
quadrilateral formed by four intersection points between the
two line segments and sides of the mput image.

11. The computer-implemented method of claim 1,
wherein a result of the Hough transform 1s two line segments
within the input 1image that intersect, and further wherein
computing the quadrilateral includes selecting a quadrilat-
eral formed by two 1intersection points between the two line
segments and sides of the input image, an intersection point
between the two line segments, and a corner of the input
image.

12. The computer-implemented method of claim 1,
wherein a result of the Hough transform 1s three line
segments within the input image, and further wherein com-
puting the quadrilateral includes selecting a quadnlateral
formed by two intersection points between two of the line
segments and two 1ntersection points between two of the line
segments and sides of the input 1mage.

13. The computer-implemented method of claim 1,
wherein a result of the Hough transform 1s four line seg-
ments within the mput image, and further wherein comput-
ing the quadnlateral includes selecting a quadnlateral
formed by intersection points between the line segments.

14. One or more tangible, non-transitory computer-read-
able media containing computer-executable instructions
that, when executed by a processor, cause the processor to
perform a method comprising:

recetving an input 1mage ol a physical document;

performing down-sampling on the input 1image;

applying median filtering to the mput image;

applying Canny edge detection to the mput image;

performing a Hough transform on the input image;

responsive to at least one linear structure existing within
the mput 1mage, generating a set of line segments and
grouping the set of line segments 1nto at least one group
based on a similarity metric that is based on a location
of each of at least one intersection point the line
segments have with a side of the input 1image;

computing a representative line segment for each of the at
least one group;
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based on the representative line segment computed for
cach of the at least one group, computing a quadrilat-
eral having sides that represent borders of the physical
document; and

providing the computed quadrilateral as an output.

15. A system, comprising:

a camera configured to capture an input image of a
physical document; and

a processor configured to:

receive the mput 1image;

perform down-sampling on the input 1image;

apply median filtering to the mput 1mage;

apply Canny edge detection to the input image;

perform a Hough transform on the input image;

responsive to at least one linear structure existing
within the input 1image, generate a set of line seg-
ments and group the set of line segments mnto at least
one group based on a similarity metric that 1s based
on a location of each of at least one 1ntersection point
the line segments have with a side of the input image;

10

compute a representative line segment for each of the

at least one group;
based on the representative line segment computed for
cach of the at least one group, compute a quadrilat-
eral having sides that represent borders of the physi-

cal document; and

provide the computed quadrilateral as an output.

16. The system of claim 13, further comprising a mobile
clectronic device, wherein the processor 1s integrated with

10 the mobile electronic device.

15

17. The system of claim 16, wherein the camera 1s
integrated with the mobile electronic device.

18. The system of claim 16, wherein the mobile electronic
device 1s a smartphone.

19. The system of claim 15, further comprising a storage
device configured to store the computed quadrilateral.

20. The system of claim 15, further comprising a display

device configured to visually display the computed quadri-
lateral.
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